Clinical observation over the past 10 years has revealed some of the causes of hypogammaglobulinaemia. Purtilo et al. (1977) observed the sex-linked, recessive lymphoproliferative syndrome (Duncan's disease) in which infectious mononucleosis may cause persistent hypogammaglobulinaemia affecting IgG, IgM, and IgA. Sorrell et al. (1971) noted selective diminution of serum IgA in patients treated with phenytoin (Epanutin). This drug rarely may cause hypogammaglobulinaemia affecting IgG, IgM, and IgA (de Gast et al., 1974) . There is now an animal model for this phenomenon (Seagar et al., 1978) . Other drugs used in the treatment of epilepsy and gold and penicillamine also may cause selective diminution of serum IgA (Stanworth et al., 1977) .
There have been two important conceptual advances during the decade. Interest in the development of B cells in the bone marrow has led to the concept that hypogammaglobulinaemia may be due to an arrest of B cell development at an immature stage or to death of B cells beyond a particular stage. The ability to recognise B cells by their surface immunoglobulin has led to the realisation that nearly all patients with sex-linked hypogammaglobulinaemia have very few B cells in their peripheral blood. This is also true for most patients with hypogammaglobulinaemia due to thymoma and a minority of patients with late-onset hypogammaglobulinaemia.
These observations have focused attention on factors that might limit B cell production in the bone marrow (Pearl et al., 1978; Hayward, 1978 (Litwin and Zanjani, 1977) .
Studies of suppressor cells in hypogammaglobulinaemia are based on the ability of pokeweed mitogen to stimulate B cells to produce immunoglobulin in vitro. This immunoglobulin production can be quantitatively measured by radioimmunoassay and is dependent on the presence of T cells. These T cells may be autologous or come from another subject, and mitomycin-treated T cells are active. Immunoglobulin production depends on the T to B ratio. An excessively high ratio of T cell to B cells decreases immunoglobulin production. This is a normal phenomenon and occurs both in healthy subjects and in patients with late-onset hypogammaglobulinaemia (Janossy et al., 1977; To assess suppressor cells equal numbers (6 x 10') of normal T cells or T cells from a patient with thymoma were added. The data show that the patient's T cells, whether treated (Tmito) or untreated (T) with mitomycin C, suppressed immunoglobulin production while normal T cells caused an increase. This experiment was repeated with similar results (de Gast et al., 1979a) .
Any account of the pathogenesis of hypogammaglobulinaemia caused by thymoma must explain why B cells are virtually absent from the peripheral blood. It is not yet known whether the suppressor T cells, which are detected by their ability to block immunoglobulin production in vitro, also kill B cells or prevent their normal development in the bone marrow. Our working hypothesis is that the various diseases associated with thymoma, such as pure red cell aplasia, pancytopenia, myasthenia gravis, systemic lupus erythematosus, and pemphigus, as well as hypogammaglobulinaemia are due to an autoimmune process. The only evidence for this, however, is the association of thymoma with putative autoimmune diseases (Souadjain et al., 1974) .
Late-onset hypogammaglobulinaemia
The term 'common variable immunodeficiency' is confusing (Gatti, 1974) . It describes any patient with impairment of both humoral and cellular immunity who cannot be classified as severe combined immunodeficiency because of prolonged survival (Fudenberg et al., 1971 Studies in hypogammaglobulinaemia show that the peripheral blood B cells resemble bone marrow B cells in their poor functional capacity. This is indicated schematically in Table 3 . The findings indicate that the peripheral blood in late-onset hypogammaglobulinaemia has an undue number of immature B cells of the type normally found in the bone marrow. An alternative view is that these 'immature' bone marrow B cells occur in the peripheral blood in both normal subjects and in patients with hypogammaglobulinaemia but that a mature population is absent from the peripheral blood in late-onset hypogammaglobulinaemia. Another B cell defect seen in late-onset hypogammaglobulinaemia is the low amount of 5'-nucleotidase in the peripheral blood B cells. This was seen in two out of five patients studied (Rowe et al., 1979) .
T cell defects also occur in late-onset hypogamma-globulinaemia but some are probably irrelevant to the pathogenesis. For instance, about one-third of patients have loss of delayed and contact sensitivity skin reactions and impaired blast transformation. Nevertheless, the percentage of cells forming E rosettes is normal (Webster and Asherson, 1974) . Many patients with late-onset hypogammaglobulinaemia have low 5'-nucleotidase in the peripheral blood mononuclear cells, and this has been confirmed by Edwards et al. (1978) . This defect involves both T and B cells and the amount in T cells was low in 5 out of 10 patients with late-onset hypogammaglobulinaemia (Rowe et al., 1979) . What is the evidence for the occurrence of suppressor T cells in hypogammaglobulinaemia? In most patients the T cells are normal, as judged by their ability to provide T cell help for immunoglobulin production when present in low numbers, and cause suppression when present at a high T to B ratio (de la 
Conclusions
(1) Thymoma is a cause and not the result of hypogammaglobulinaemia. The main evidence is that thymoma does not occur in patients with sexlinked or established late-onset hypogammaglobulinaemia.
(2) The hypogammaglobulinaemia caused by thymoma is probably due to an autoimmune process. The evidence for this is the occurrence of a number of putative autoimmune diseases in patients with thymoma.
(3) The percentage of B cells in the peripheral blood is very low in our two patients with hypogammaglobulinaemia caused by thymoma and in similar patients described in the literature.
(4) The production of immunoglobulin by B cells stimulated by pokeweed mitogen depends on the T to B cell ratio. Low numbers of T cells are required to provide T cell help, but a high ratio of T to B cells causes suppression. This is a normal phenomenon. However, two patients with thymoma had T suppressor cells that caused suppression when added in small numbers to a mixture of T and B cells which alone showed good immunoglobulin production. It is an important question whether these or other suppressor cells explain the low numbers of B cells in the peripheral blood.
(5) In late-onset hypogammaglobulinaemia there is a consistent B cell defect and B cells, which have been highly purified by virtue of their surface immunoglobulin, have a severe impairment of immunoglobulin production even when provided with normal T cell help. A population of bone marrow B cells from subjects without hypogammaglobulinaemia shows the same feature. It is proposed that the B cells in the peripheral blood of patients with late-onset hypogammaglobulinaemia may be identical to normal 'immature' bone marrow B cells.
(6) The T cells of most patients with late-onset hypogammaglobulinaemia are identical with those of normal subjects, providing help at low T to B cell ratios and suppression at higher ratios. Suppressor cells, however, were found in three unusual patients.
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